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(54) Adjustment of oscillator 



(57) The invention relates to a method for adjusting 
an oscillator (44), a packet switched network (21 ) locat- 
ing between the oscillator and a specified time source 
(31 ), which knows a clock time with a specified accura- 
cy. In the method, a clock (42), which is on the same 
side of the packet switched network (21 ) as the adjust- 



able oscillator (44), is updated over the packet switched 
network (21 ) on the basis of the clock time known to said 
time source (31). Said clock (42) is used in the adjust- 
ment of the oscillator (44) for making the oscillator (44) 
to oscillate at a desired frequency. The invention also 
relates to an apparatus and computer software for ad- 
justing the oscillator. 
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Description 

[0001] The present invention relates to adjustment of 
an oscillator. Particularly, but not necessarily, the inven- 
tion relates to the adjustment of an oven stabilized crys- 
tal oscillator in a base station system over a packet 
switched network for improving the long-term stability of 
the oven stabilized crystal oscillator. 
[0002] The base station system in a digital cellular ra- 
dio system, such as a GSM (Global System for Mobile 
Communications) network, typically comprises one or 
more base stations and a base station controller which 
controls said base stations. Timing and clock signals 
used in the base station and the base station transmis- 
sion frequency are typically derived from a locally gen- 
erated master clock signal whose stability requirement 
in the GSM system, for instance, is 0.05 ppm. One op- 
tion to try to meet this stability requirement is to use as 
the master oscillator of the base station a crystal oscil- 
lator positioned in a space having a stable ambient tem- 
perature, a so-called oven. A crystal oscillator of this 
kind is commonly known as an oven stabilized crystal 
oscillator. 

[0003] The frequency generated by the oven stabi- 
lized crystal oscillator is very accurate in the short term, 
but due to aging of the oscillator, instability appears in 
the frequency generated by the oscillator in the long 
term. When the oscillating frequency changes, the 
transmission frequency of the base station to be derived 
from the oscillation of the oscillator changes as well. 
When the change in frequency grows excessively as 
compared with the nominal frequency the transmission 
frequencies of the base station start interfering with oth- 
er GSM traffic. A means for improving long-term stability 
of the oscillator is therefore required. 
[0004] Figure 1 illustrates the prior art GSM system. 
Base stations BTS and a base station controller BSC 
controlling said base stations constitute a base station 
system BSS. An interface between a mobile services 
switching centre MSC and the base station controller 
BSC is called A-interface and an interface between the 
base station controller BSC and the base stations BTS 
is called Abis-interface. Figure 1 also shows a wireless 
terminal equipment MS communicating with the base 
station BTS. 

[0005] Standard, digital PCM (Pulse Code Modula- 
tion) connections, e.g. 2.048 Mbft/s, are used in com- 
munication between the mobile services switching cen- 
tre MSC, the base station controller BSC and the base 
stations BTS. US Patent 5,473,284 discloses a solution 
in which an adjustable oven stabilized crystal oscillator 
is used for improving long-term stability of the oven sta- 
bilized crystal oscillator of the base station, a reference 
frequency (e.g. 2.048 MHz) used for the adjustment be- 
ing derived from the PCM connection between the base 
station controller and the base station. 
[0006] Said reference frequency derived from the 
PCM connection and used for the adjustment of the ov- 



2 

en stabilized crystal oscillator can be considered very 
accurate, since typically the clock signal of the PCM 
connection is originally synchronized with a signal orig- 
inating from an atomic clock in the mobile service 
5 switching centre MSC. 

[0007] However, rf a PCM clock signal is not available 
to the base station system, for some reason or other, 
the solution disclosed in US Patent 5,473,284 is not use- 
ful. For instance, this is the case when there is a packet 
10 switched network, such as an IP (Internet Protocol) net- 
work or an X.25 network, between the mobile services 
switching centre MSC and the base station system BSS. 
[0008] A new solution is now found to adjust the os- 
cillator over the packet switched network. A first aspect 
15 of the invention implements a method for adjusting the 
oscillator in a system, the system comprising an adjust- 
able oscillator, a time source knowing a clock time with 
a specified accuracy, and a packet switched network be- 
tween the oscillator and said time source. 
[0009] The method is characterized by 

updating a clock on the basis of the time known to 
said time source over the packet switched network, 
the clock being on the same side of the packet 
switched network as the adjustable oscillator; 
using said clock in the adjustment of the oscillator 
for adjusting the oscillator to oscillate at a desired 
frequency. 

[0010] A second aspect of the invention implements 
an apparatus for adjusting the oscillator in a system, the 
system comprising an adjustable oscillator, a time 
source knowing a clock time with a specified accuracy, 
and a packet switched network between the oscillator 
and said time source. 

[001 1 ] The apparatus is characterized by comprising 

a clock which is on the same side of the packet 
switched network as the adjustable oscillator; 
updating means for updating the clock over the 
packet switched network on the basis of the time 
known to said time source; 
control means for adjusting the oscillator to oscillate 
at a desired frequency by means of said clock. 

[0012] A third aspect of the invention implements 
computer software for adjusting the oscillator in a sys- 
tem, the system comprising an adjustable oscillator, a 
time source knowing a clock time with a specified accu- 
racy, and a packet switched network between the oscil- 
lator and said time source. 

[0013] The computer software is characterized by 
comprising a program code for 

updating the clock over the packet switched net- 
work on the basis of the clock time known to said 
time source, the clock being on the same side of the 
packet switched network as the adjustable oscilla- 
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tor; 

using said clock in the adjustment of the oscillator 
for making the oscillator to oscillate at a desired fre- 
quency. 

[0014] The term digital convergence refers to integrat- 
ing voice and data communications in a telecommuni- 
cations network. Typically, it is assumed that the tele- 
communication network is a packet switched network 
based on the IP protocol, whereby e.g. transmission of 
voice communication over said packet switched net- 
work is called Voice over IP (VoIP). Network architec- 
ture, in which for instance voice and data communica- 
tions of a company are integrated in the same packet 
switched network, is called WIO (Wireless Intranet Of- 
fice). Even though the WIO system and the IP network 
are used below as examples in a preferred embodiment 
of the invention, it is also possible to apply the invention 
to other systems, and the invention can be implemented 
in essence also in connection with other than IP-based 
packet switched networks, such as X.25 packet 
switched network. 

[001 5] In the following, the invention will be described 
in greater detail with reference to the attached drawings, 
in which 

Figure 1 shows a prior art GSM system, 
Figure 2 illustrates network elements in WIO sys- 
tem, 

Figure 3 shows an arrangement according to the 
invention, 

Figure 4 illustrates an NTP client according to the 
invention in a preferred embodiment of the inven- 
tion, 

Figure 5 shows a control loop for adjusting an os- 
cillator in the case where a counter of an NTP client 
is implemented by means of software, 
Figure 6 shows a control loop for adjusting an os- 
cillator in the case where a counter of an NTP client 
is implemented by means of a counter circuit, 
Figure 7 is a flow chart that illustrates a method for 
adjusting the oscillator according to the invention, 
Figure 8 shows a detail associated with the inven- 
tion, and 

Figure 9 shows a second embodiment of the inven- 
tion. 

[001 6] Figure 1 is described above in connection with 
the description of the prior art. A preferred embodiment 
of the invention will be set forth next in connection with 
the WIO system. In some connections, said system is 
also referred to as GIO (GSM Intranet Office). Figure 2 
illustrates network elements of the WIO system in a sim- 
plified manner. A mobile services switching centre MSC 
communicates with an IP network 21 via A-lnterface 
Gateway AGW. Said IP network 21 can be the Internet 
network or an Intranet network (LAN, Local Area Net- 
work) of a company. Between the IP network 21 and the 



base station BTS there is an IMC (Intranet Mobile Clus- 
ter) gateway whose task, among other things, is to con- 
trol a base station BTS and to convey traffic between 
the IP network 21 and the base station BTS to a wireless 

5 terminal equipment MS. In general, IMC and BTS are 
apart from each other but integration of IMC and BTS is 
also possible. In connection with the WIO system, the 
term base station system refers in the present specifi- 
cation to the whole formed by IMC and BTS. Naturally, 

10 a plurality of base stations BTS can be subordinated to 
one IMC. One of the most important tasks of the gate- 
keeper GK communicating with the IP network 21 is to 
provide call control functions. 

[00171 The WIO system has a PCM connection be- 

15 tween MSC and AGW as well as between IMC and BTS. 
Then, MSC cannot provide a PCM clock signal to be 
used in the adjustment of an oven stabilized crystal os- 
cillator in the base station system, since a packet 
switched network 21 , over which the PCM signal does 

20 not propagate, exists between AGW and IMC. The oven 
stabilized crystal oscillator is physically located either in 
IMC or in BTS. The WIO system and the elements there- 
of are described in greater detail in WO 99/48311 . 
[0018] Figure 3 shows an arrangement according to 

25 the invention, which enables the adjustment of the oven 
stabilized crystal oscillator in order to improve its long- 
term stability. As compared with Figure 2, an NTP (Net- 
work Timing Protocol) server 31 which communicates 
with the IP network 21 and which knows an extremely 

30 precise clock time, is introduced as a new element in 
Figure 3. The NTP server 31 operates in accordance 
with the NTP protocol and its maximum clock time error 
as compared with the absolutely precise clock time is, 
in a normal situation, typically a few nano- or picosec- 

35 onds a day. The time of the NTP server 31 (NTP time) 
originates from a precise crystal or the GPS system 
(Global Positioning System), for instance. In the latter 
case, the NTP server 31 can receive the time from the 
GPS system by means of its GPS antenna (GPS-ANT), 

40 for instance. The NTP protocol and the GPS system are 
known as such to the person skilled in the art. 
[0019] Figure 3 also illustrates the location of the NTP 
client. The NTP client is located in the base station sys- 
tem. Preferably the client is located in IMC. Alternatively, 

45 the client can be located in BTS. In physical terms, the 
NTP client is preferably an additional card to be installed 
in a personal computer PC. The card has an operating 
system supporting the NTP protocol, such as Linux op- 
erating system. Alternatively, IMC and the NTP client 

so can also be one embedded system. 

[0020] The structure and functions of the NTP client 
are described in greater detail in Figure 4. The NTP cli- 
ent comprises an NTP computer program 41 (e.g. NTP 
server program) and a system clock 42 whose time the 

55 NTP computer program controls by means of software. 
A reference signal of the system clock 42 is obtained 
from the PC's real time clock (not shown in the figure). 
The reference signal of the real time clock, in turn, is 
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typically obtained from a separate crystal oscillator (not 
shown in the figure) of the PC. The real time clock can 
also be called a hardware clock, and it ticks even when 
power is switched off in the rest of the apparatus. The 
system clock 42 can also be called a software clock, and 
it ticks only when power is switched on in the apparatus 
and the operating system is booted. The system clock 
42 is initialized on the basis of the real time clock in con- 
nection with boot, and its running is based on the refer- 
ence signal obtained from the real time clock. In prac- 
tice, said reference signal is implemented by so-called 
interrupts or ticks, in which the real time clock interrupts 
the system clock 42 at a determined frequency. The fre- 
quency can be e.g. 1 00 Hz, whereby an interrupt occurs 
hundred times a second. 

[0021] In the NTP adjustment of the system clock 42, 
the NTP computer program 41 inquires in accordance 
with the NTP protocol, for instance at one minute inter- 
vals, an NTP time from the NTP server 31 over the IP 
network 21. Having received the clock time from the 
NTP server 31, the NTP computer program 41 com- 
pares the time of the system clock 42 with the received 
NTP time and, depending on the difference between the 
clock times, updates the system clock 42, i.e. corrects 
the rate of the system clock 42 by means of software. If 
the time of the system clock 42 is behind the NTP time, 
the NTP computer program 41 adjusts the rate of the 
system clock faster But if the time of the system clock 
42 is ahead of the NTP time, the NTP computer program 
adjusts the rate of the system clock slower. The adjust- 
ment typically takes a few seconds. In practice, the rate 
adjustment of the system clock 42 performed by the 
NTP computer program 41 can be implemented by a 
tickadj system command, for instance. If the system 
clock 42 time and the received NTP time differ greatly, 
the NTP computer program 41 can update the time of 
the system clock 42 also directly, i.e. to shift the system 
clock time to correspond the received NTP time. 
[0022] The PC oscillator, from which the reference 
signal is obtained for the real time clock and further to 
the system clock 42, generally oscillates ail the time ei- 
ther at an excessively high frequency or at an exces- 
sively low frequency. The system clock time is then most 
accurate immediately after the NTP adjustment. As time 
elapses after the NTP adjustment, the system clock 
tends to be fast or slow, depending on the PC oscillator 
frequency. The system clock will be readjusted to the 
correct time in connection with a subsequent NTP ad- 
justment. 

[0023] The NTP computer program stores the differ- 
ence between the system clock 42 time and each NTP 
time received from the NTP server 31 , which difference 
is used in the NTP adjustment of the system clock 42, 
in a log file in the system memory as a so-called offset 
value. Offset values are also utilized in the method ac- 
cording to the invention in a manner that will be de- 
scribed later in this specification. 
[0024] The oscillator 44 whose long-term stability will 



be improved by the arrangement according to the inven- 
tion is preferably a voltage-controlled oven stabilized 
crystal oscillator whose short-term stability is sufficient 
for the system to operate reliably. The oscillator is pref- 

5 erably located in the NTP client or at least having an 
electric connection thereto, however, in such a way that 
at least no packet switched network exists between the 
oscillator 44 and the NTP client. The oscillator 44 gen- 
erates a signal that typically oscillates between given 

to voltage levels. This is commonly known as oscillation. 
The output voltage of a digital-to-analog converter DAC 
controls the oscillating frequency of the oscillator 44, the 
output voltage being formed by DAC on the basis of a 
digital control value, DAC control word, supplied by a 

15 control unit 45. Typically, the higherthe DAC output volt- 
age, the higher the frequency at which the oscillator 44 
oscillates. A signal of nominal frequency generated by 
the oscillator 44 is divided in a frequency dividing circuit 
46 by a suitable divisor, whereby a clock signal of the 

20 desired frequency (e.g. 2.048 MHz) is provided at the 
frequency output for the use of the base station system. 
For example, the transmission frequency of the base 
station BTS is derived from said clock signal. If the NTP 
client and the oscillator 44 are located in IMC, the clock 

25 signal can be supplied to the base station BTS, for in- 
stance, overthe PCM connection between IMC and the 
base station. 

[0025] In a preferred embodiment of the invention, the 
adjustment of the oscillator is performed by a control 

30 loop which includes a control unit 45, DAC and the os- 
cillator 44. The control unit 45 controls the operation of 
the control loop. The control unit comprises a processor 
which can be the processor of the PC or that of the NTP 
client. In addition to the processor, the control unit com- 

35 prises a counter (one or more) for counting the oscilla- 
tion pulses generated by the oscillator 44 and computer 
software for controlling the adjustment process of the 
oscillator in its program memory. The counter can be 
implemented by a counter circuit, for instance. However, 

40 the counter is preferably implemented by means of soft- 
ware. The time of the system clock 42 is known to the 
control unit. The control unit 45 has also access to the 
log file in the memory where the above-mentioned offset 
values are stored. 

45 [0026] Figure 5 illustrates parts of the control unit 45 
and the control loop used for adjusting the oscillator 44 
as a whole in still greater detail in the case where the 
counter used for counting the oscillation pulses is imple- 
mented by means of software. Apart from the oscillator 

50 44, DAC, the frequency divider 46 and the system clock 
42, Figure 5 shows the processor 51 of the control unit 
and the program memory 52 of the control unit. In addi- 
tion to the NTP computer program 41 , a computer pro- 
gram used for controlling the adjustment process of the 

55 oscillator, an oscillator control program 53, is stored in 
the program memory 52. The program memory 52 also 
comprises a register serving as a pulse counter 54, the 
value of which the processor 51 increases every time a 
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vibration pulse generated by the oscillator 44 reaches 
an interrupt pin 55 of the processor. Prior to arriving in 
the interrupt pin 55 of the processor, oscillation gener- 
ated by the oscillator 44 is applied through a pre-divider 
56. In the pre-divider the oscillation is divided into a low- 
er frequency for the processor 51 in order that the proc- 
essor has time to handle the pulses (interrupts) arriving 
in the interrupt pin 55. A bus 57 is used for supplying the 
DAC control word from the oscillator control program 53 
to the digital-to-analog converter DAC, for instance. 
[0027] Figure 6 illustrates a control loop used for ad- 
justing the oscillator 44 in the case where the counter 
used for counting the oscillation pulses is implemented 
by a counter circuit 64. The counter circuit 64 is an in- 
tegrated circuit, to which the oscillation pulses of the os- 
cillator 44 are applied via a pre-divider 56. The oscillator 
control program 53 employs a bus 67 for controlling the 
counter circuit and for inquiring the results of pulse 
counting from the counter. Otherwise, Figure 6 corre- 
sponds the arrangement of Figure 5. 
[0028] It is described next, how the above-described 
apparatus implements the adjustment of the oscillator 
according to the preferred embodiment of the invention. 
In the description, reference is made to the flow chart of 
Figure 7. 

[0029] The adjustment of the oscillator 44 comprises 
two separate periods temporally, the first of which is 
called a monitoring period and the second is called an 
actual adjustment period of the oscillator. During the 
monitoring period, it is found out how well the oscillator 
44 oscillates at the nominal frequency. The monitoring 
period starts and ends with the time of the system clock 
42. The monitoring period is preferably started and end- 
ed as soon as possible after the NTP adjustment of the 
system clock, because, in a normal situation, the system 
clock time is most accurate immediately upon the NTP 
adjustment. This is how the accuracy of the adjustment 
of the oscillator 44 can be improved, in particular if the 
time interval between the NTP adjustments of the sys- 
tem clock 42 is long. The monitoring period is followed 
by the oscillator adjustment period when the oscillating 
frequency of the oscillator 44 is adjusted on the basis of 
the monitoring period results. 

[0030] One output of the oscillator 44 is applied to a 
pulse counter 54, 64. The monitoring period is initiated 
by starting the pulse counter (block 71 ) at a system clock 
42 time instant ^ when the pulse counter starts counting 
the oscillator pulses generated by the oscillator 44. 
Thereafterthe oscillator control program 53 checks if the 
start time ^ is reliable (block 72). It is checked here 
whether the system clock 42 time at the moment of start- 
ing the counter 54, 64 can be considered reliable. For 
instance, if network loading varies considerably when 
the NTP computer program 41 of the NTP client inquires 
and receives the NTP time from the NTP server 31 , the 
NTP time on which the NTP adjustment is based may 
be unreliable. Hence, it is not convenient to use as the 
start time to of the monitoring period the system clock 



42 time, which is based on the NTP adjustment imme- 
diately preceding said clock time, the offset value, which 
serves as a basis of said NTP adjustment, being in turn 
based on said particular unreliable NTP time. 

5 [0031 ] The system clock 42 time can be unreliable as 
the start time 1$, even though the NTP time, on the basis 
of which the NTP adjustment was performed immedi- 
ately prior to the start time, were reliable. This kind of 
disturbance may arise, for instance, if the inquiry sent 

w by the NTP computer program disappears on its way to 
the NTP server. Then the NTP computer program 41 will 
not receive the NTP time from the NTP server for the 
NTP adjustment, and consequently the NTP adjustment 
is omitted. Let us assume that the NTP adjustment sub- 

15 sequent to the omitted NTP adjustment is performed in 
due course. However, the offset value, on the basis of 
which this NTP adjustment is performed, is on average 
twice the mean offset value, because the time the sys- 
tem clock has passed since the preceding NTP adjust- 

20 ment is twice the usual time. And, since the NTP adjust- 
ment is of averaging nature, the NTP computer program 
41 does not adjust the system clock 42 time to be exactly 
correct but it overcorrects the system clock time such 
that if the system clock time was behind the NTP time 

25 when the NTP adjustment started, it will be ahead of the 
NTP time after the NTP adjustment, and vice versa. It 
takes still a few NTP adjustments before the disturbance 
is completely stabilized to the effect that the NTP adjust- 
ment always provides a correct time for the system 

30 clock. As a consequence, a few system clock 42 times 
based on NTP adjustments effected immediately after 
disturbances should not be used as the start time to of 
the monitoring period. 

[0032] The reliability of the start time Xq is checked in 

35 the preferred embodiment of the invention by setting a 
limit value to the offset and by comparing absolute val- 
ues of the offsets used in the NTP adjustments preced- 
ing the start time Xq with said limit value. The oscillator 
control program 53 performs said measures. At least the 

40 absolute value of the offset value used in the NTP ad- 
justment immediately preceding the start time to is com- 
pared with the limit value. Preferably however, the ab- 
solute values of the offsets used in more than one, pref- 
erably six, NTP adjustments immediately preceding the 

45 start time to are compared with the limit value. If the ab- 
solute values of all six offsets are lower than said limit 
value and if no offset is omitted, nothing indicates dis- 
turbance prior to the start time to and the start time Xq 
can be considered reliable. But if even one of the offsets 

so exceeds said limit value or one of the offsets is omitted, 
the start time t 0 is not reliable. The limit value can be 
one or a few milliseconds. 

[0033] If the start time ^ is reliable on the basis of the 
above-described monitoring, the oscillator control pro- 
55 gram 53 stores the time instant to in the system memory 
as the start time and the oscillator 44 pulse counting is 
continued with the pulse counter 54, 64 in a convention- 
al manner (block 74). 
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[0034] But if the start time t 0 is not reliable, the oscil- 
lator control program 53 sets the counter value to zero 
by means of software with a reset command (block 73). 
The counter is restarted (transfer to block 71) after a 
delay At at a time instant to+At when the effect of the 
offset that led to rejection of a previous start time t 0 has 
disappeared. Thereafter, the NTP computer program 41 
checks again whether the start time (t 0 +At) is now reli- 
able (block 72). If it is reliable, the time instant to+At is 
now stored in the system memory as the start time and 
oscillator 44 pulse counting is continued with the pulse 
counter 54, 64 (block 74). If the start time is not yet re- 
liable, block 73 is returned to for setting the counter to 
zero, whereafter the counter is restarted after a given 
delay, and so on. Iteration continues until a reliable start 
time is found. 

[0035] Figure 8 illustrates reliability checking of the 
start time t^ The offsets (absolute value) used in NTP 
adjustments preceding the start time \$ are indicated by 
0_«, - 0_ 7 and the offsets to be used in NTP adjustments 
subsequent to the start time to by 0 +1 - O+g. In the case 
of Figure 8, in the start time to reliability checking, ab- 
solute values (0_ 6 - O^) of the offsets used in six NTP 
adjustments (window 81) immediately preceding the 
start time t 0 are compared with the limit value set to the 
offset. In the case of Figure 8, the start time to is not 
reliable, since, firstly, the offset 0_ 4 is missing and, sec- 
ondly, the absolute value of the offset 0. 3 exceeds the 
limit value. Thus, it is necessary to delay the start time 
with a delay At to time instant t 0 +At, when the effect of 
offsets O. 3, 0_ 4 which led to rejection of the start time 
t 0 has disappeared. If the time interval between the NTP 
adjustments around the start time is one minute, the de- 
lay At in this case is four minutes. In the reliability check- 
ing of a new start time to+At, offsets within the window 
82 are considered. In the case of Figure 8, the start time 
t 0 +At is reliable, because the offsets (0_ 2 - O^) within 
the window 82 are all lower than the limit value and none 
of said offsets is missing. 

[0036] To achieve a sufficient long-term accuracy, the 
pulse counting time (monitoring period) is several orders 
longer than the computational maximum error in the 
NTP adjustment. For instance, the monitoring period 
can be one hour or several hours. 
[0037] When the counting time (e.g. 8 hours) expires 
at time instant t., from the actual start time of counting, 
the oscillator control program 53 asks the pulse counter 
for the final reading of calculated pulses (block 75). 
However, the pulse counter is allowed to continue pulse 
counting. 

[0038] In a similar manner as in connection with the 
start time, the oscillator control program 53 now checks 
(in block 76) if the end time is reliable. It is checked here 
whether the time of the system clock 42 at the f inal read- 
ing instant ^ can be considered reliable. This checking 
is effected, as described above, for instance by compar- 
ing the absolute values of the offsets used in six NTP 
adjustments immediately preceding the end timet, with 



the limit value set to the offset. If the absolute values of 
all six offsets are lower than said limit value and if no 
offset is missing, nothing indicates disturbance prior to 
the end time t 1 and the end time t 1 can be considered 
5 reliable. But if one of the offsets exceeds said limit value 
or if one of the offsets is missing, this indicates distur- 
bance and consequently the end time t 1 cannot be con- 
sidered reliable. 

[0039] If the end time t 1 is reliable, pulse counting can 

10 be stopped. The time instant t 1 is now considered the 
end time and block 78 is proceeded to, where the oscil- 
lator control program 53 defines a new digital control val- 
ue (DAC control word) for DAC for adjusting the oscil- 
lating frequency. 

15 [0040] But if the end time t 1 is not reliable, the control 
program 53 rejects the final reading (block 77). A new 
final reading is now read (proceed to block 75) after a 
delay At' at a time instant t^At' when the effect of the 
offset that led to rejection of the previous end time has 

20 disappeared, whereafter the oscillator control program 
53 checks again whether the end time (t-,+At') is now 
reliable (block 76). If it is reliable, the time instant t^At' 
is now considered the end time, oscillator pulse counting 
is stopped and block 78 is proceeded to for defining a 

25 new DAC control word. If the end time is not yet reliable, 
block 77 is returned to and the final reading is rejected 
and still a new final reading is read after a delay when 
the effect of the offset leading to rejection of the previous 
end time t,+Af has disappeared and so on. Iteration 

30 continues until a reliable end time is found. The delay 
At 1 preferably equals to the time interval of NTP adjust- 
ments made around the end time or a multiple thereof. 
[0041] In block 78, the control program 53 subtracts 
from the time instant t 1 or t 1 +At',..., when the final read- 

35 jng was taken, the time instant t 0 or to+At,..., when pulse 
counting started. The difference is the measuring time. 
Since pulse counting started from zero at the start time, 
the final reading directly indicates the number of oscil- 
lating pulses generated by the oscillator 44 between the 

40 start time and the end time. The mean oscillating fre- 
quency during the pulse monitoring period is obtained 
by simple calculations. The calculated oscillating fre- 
quency of the oscillator is then compared with the nom- 
inal frequency of the oscillator. On the basis of the fre- 

45 quency difference, it is possible to determine a new dig- 
ital control value for the digital-to-analog converter DAC 
by simple calculations. Having determined the new con- 
trol value, the control program 53 supplies the new con- 
trol value during the actual osciltator adjustment period 

50 to DAC which converts the control value into control volt- 
age which controls the oscillator 44 to oscillate at the 
correct nominal frequency. Depending on the imple- 
mentation, the above-described calculations and the or- 
der in which they are performed as well as the imple- 

55 mentation of computer software may vary. 

[0042] An alternative to the preferred embodiment of 
the invention comprises more than one counter, for in- 
stance five counters. Said five counters can all be posi- 
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tioned in a counter circuit 64, for instance. In that case, 
when the monitoring period begins, the first counter is 
started at a time instant Iq. Other counters are started 
delayed in such a way, for instance, that the second, 
third, fourth and fifth counter are started at time instants 
tQ+At\ to+2At\ t^Af, to+4Af , respectively. The delay 
At" can be, for instance, one minute or several minutes. 
It can be, but does not necessarily have to be, as long 
as the interval of NTP adjustments. It is now checked 
separately for all counters, whether the start time to, 
t 0 +Af .... of each counter is reliable, in a similar manner 
as above in the description of the preferred embodi- 
ment, if a start time is not reliable, said counter is set to 
zero and restarted after a delay when the effect of the 
offset leading to rejection of the previous start time has 
disappeared and so on. 

[0043] if the start time has to be delayed on several 
occasions, it is possible to include in counting a lower 
number of counters than originally planned. Alternative- 
ly, if the start time or end time has to be delayed on sev- 
eral occasions, it is possible to raise the limit value set 
to the offset. To alleviate the load of the NTP server, it 
is possible to inquire the NTP time from the NTP server 
less frequently (e.g. at 15 minute intervals) during the 
counting time than in connection with the start and end 
times. When a plurality of counters are used, the start 
and end times can be further graded such that the NTP 
time inquiries sent to the NTP server take place at dif- 
ferent times in order to alleviate the load of the NTP serv- 
er. 

[0044] When the counting time (monitoring period) 
expires, each counter provides a final reading: the first 
counter at time instant t v the second counter at time 
instant t-j+Af, the third at time instant t 1 +2Af , the fourth 
at time instant t t +3Af and the fifth at time instant t,+4Af . 
However, the counters are allowed to continue counting. 
Correspondingly, as described in connection with the 
start time, the oscillator control program checks sepa- 
rately for each counter, whether the end timet^ t 1 +At* ) ... 
is reliable. If an end time is not reliable, a new final read- 
ing is taken again after a given delay and so on. The 
control program 53 stores in the system memory the fi- 
nal reading of each counter and the time instant when 
the final reading was taken. Since pulse counting started 
from zero at the start time, the final reading indicates 
directly the number of oscillating pulses generated by 
the oscillator 44 between the start time and the end time. 
A mean oscillating frequency during the pulse monitor- 
ing period is obtained counter-specifically by simple cal- 
culations. Five frequency values are thus obtained in to- 
tal. Of these five frequency values is calculated an av- 
erage that is compared with the nominal frequency of 
the oscillator. On the basis of the frequency difference, 
a new digital control value can be determined by simple 
calculations for the digitai-to-analog converter DAC, 
which control value when converted into analog control 
voltage makes the oscillator vibrate at the correct nom- 
inal value. 



[0045] Typically, higher accuracy is achieved in the 
adjustment using averaging than in the adjustment 
based on the use of one single counter. However, if the 
oscillating frequency calculated on the basis of the 

5 number of pulses of a counter during the monitoring pe- 
riod deviates considerably from the oscillating frequen- 
cies calculated on the basis of the number of pulses of 
other counters, it can be assumed that said counter has 
failed in counting. According to the invention, a value 

10 that deviates considerably from other oscillating fre- 
quency values can be omitted from calculation of an av- 
erage. If there is considerable deviation in all calculated 
frequency values, according to the invention, the DAC 
control value calculated on the basis of these deviating 

15 frequency values can be ignored in the adjustment and 
the oscillator can be adjusted on the basis of the pre- 
ceding control value or the mean of the preceding con- 
trol values. The control program 53 stores the DAC con- 
trol values in the log file in the system memory where 

20 previous control values are also found. 

[0046] Alternatively, the five counters set forth above 
in the description of the alternative to the preferred em- 
bodiment of the invention can also be implemented by 
one counter. This counter is allowed to count oscillator 

25 pulses on a continuous basis. Thus, five counters can 
be implemented by one counter performing five sepa- 
rate pulse counts. In practice, a current pulse number 
of the counter is stored in the memory at the start time 
tQ of the first pulse count to be the initial reading of the 

30 first count, at the start time to+At* of the second count a 
current pulse number of the counter is stored to be the 
initial reading of the second count and so on. Corre- 
spondingly, at the end time t 1 of the first count a current 
pulse number of the counter is stored to be the final 

35 reading of the first count and so on. Reliability checkings 
of the start and end times are performed in a corre- 
sponding manner as above. The pulses counted in each 
count during the monitoring period (counting time) are 
obtained by subtracting the initial readings from the final 

40 readings of the counts and so on. In this case, five sep- 
arate counters described in the previous embodiment, 
were replaced by one counter performing five separate 
pulse counts. 

[0047] Figure 9 illustrates a second embodiment of 
45 the invention, in which the reference signal of the system 
clock 42 is taken, instead of the real time clock of the 
PC, from the adjustable oven stabilized crystal oscillator 
44 whose adjustment for improving the long-term stabil- 
ity of the same is the object of the present invention. 
50 Prior to applying the oscillation of the oscillator 44 to the 
system clock, the high-frequency oscillation is divided 
in a frequency divider 91 into a more suitable frequency 
for the system clock. 

[0048] In the adjustment of the oscillator according to 
55 the second embodiment of the invention, the NTP com- 
puter program 41 of the NTP client regularly inquires the 
NTP time from the NTP server 31 over the IP network. 
When the NTP client receives the NTP time, the NTP 
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computer program 41 compares the received NTP time 
with the time of the system clock 42 and concludes on 
the basis of the difference between the system clock 
time and the NTP time (offset) whether the NTP time is 
reliable or not. Reliability checking is performed, where 
applicable, in the same manner as described in connec- 
tion with the preferred embodiment of the invention. In 
practice, it is convenient to calculate a moving average 
of a few offsets preceding the offset in question (or a 
moving average of the absolute values of the offsets) 
and to compare the offset in question therewith, where- 
by, if the offset in question deviates considerably from 
the mean value, the NTP time cannot be considered re- 
liable. Otherwise, (i.e. if the offset does not deviate con- 
siderably from the mean value) the NTP time can be 
considered reliable. If an offset value is exceptionally 
high or it is missing completely, it will be omitted in cal- 
culating the average. If the NTP time received by the 
NTP client is reliable, the oscillator control program 53 
uses the offset value for determining the digital control 
value, DAC control word, which in turn is supplied to the 
digital-to-analog converter DAC. On the basis of the 
DAC control word, DAC generates at its output a control 
voltage by which the oscillating frequency of the oscil- 
lator 44 is adjusted. But if the NTP time received by the 
NTP client is not reliable, the oscillator is adjusted on 
the basis of the preceding DAC control word or the mean 
of the preceding DAC control words. 
[0049] In other words, in the adjustment of the oscil- 
lator according to the second embodiment of the inven- 
tion, a reference signal is applied to the system clock 42 
from the adjustable oven stabilized crystal oscillator 44 
and it is monitored how well the system clock keeps 
time, i.e. how well the oscillator 44 oscillates at the nom- 
inal frequency. Since the reference signal for the system 
clock is taken from the oscillator 44, the oscillator 44 
oscillates as accurately as possible at the nominal fre- 
quency when the system clock is as accurately as pos- 
sible on time. If the oscillator oscillates too fast, the sys- 
tem clock goes too fast, whereby the offset (= the system 
clock time - the NTP time) shifts in a positive direction. 
But if the oscillator oscillates too slowly, the system clock 
goes too slow, whereby the offset value shifts in a neg- 
ative direction. Difference between the system clock 
time and the NTP time is thus examined here. Depend- 
ing on whether the oscillation is too slow or too fast, the 
oscillator control program 53 adjusts the oscillator 44 
with a DAC output voltage which makes the oscillator 
oscillate at a frequency which makes the absolute value 
of the offset between the system clock time and the NTP 
time approach zero, when the oscillating frequency re- 
spectively approaches the nominal frequency of the os- 
cillator. 

[0050] In the second embodiment of the invention, the 
oscillator adjustment takes place gradually such that the 
NTP server is inquired for the NTP time, after reception 
of which the NTP computer program 41 performs relia- 
bility checking on the NTP time. If the NTP time is reli- 



able, the oscillator is adjusted one step (= one bit 
change in DAC control word) toward the nominal fre- 
quency on the basis of the offset value. For instance, if 
the offset value is positive, the value of the DAC control 

5 word is decreased by one, whereby the oscillator 44 
control voltage and oscillating frequency reduce. If the 
NTP time is not reliable, the oscillator is adjusted on the 
basis of the previous DAC control word. 
[0051 ] On completing one adjustment cycle, a second 

10 adjustment cycle is started by inquiring again the NTP 
time from the NTP server. If the NTP time is reliable, the 
oscillator is again adjusted one step toward the nominal 
frequency. If faster adjustment is required, more than 
one step at a time can be used. After completing a given 

15 number of adjustment cycles, the nominal frequency of 
the oscillator is achieved and the offset value becomes 
zero. (In practice, the adjustment will finally zigzag 
around the nominal value.) Then the adjustment of the 
oscillator can be stopped and restarted at a later stage. 

20 Alternatively, the adjustment can be continued until a 
non-predetermined time. 

[0052] In the adjustment according to the second em- 
bodiment of the invention, the NTP time is inquired from 
the NTP server typically less frequently than in the pre- 

25 ferred embodiment of the invention (i.e. the adjustment 
cycle is longer in the second embodiment of the inven- 
tion). If the difference between the time of the system 
clock 42 and the NTP time received by the NTP client 
(the offset) is large when the control begins, a shorter 

30 adjustment cycle can be used at the beginning (the NTP 
time can be inquired at one-minute intervals, for in- 
stance). The length of the adjustment cycle can be in- 
creased as the absolute value of the offset value de- 
creases, and consequently the length of the adjustment 

35 cycle can eventually be several hours, for instance eight 
hours. 

[0053] Since oscillator pulses are not counted in the 
second embodiment of the invention, the counter em- 
ployed in the preferred embodiment of the invention is 

40 not needed at all in the second embodiment. 

[0054] The invention enables improvement of the 
long-term stability of the oscillator over the packet 
switched network. Even though the invention provides 
means for revealing unreliable NTP times received from 

45 the NTP server 31 , the monitoring period is scheduled 
to a point of time when the network traffic is lowest, i.e. 
typically at night time. According to the invention, for im- 
proving the accuracy of the NTP time received by the 
NTP client, it is also possible, within a short period of 

50 time, to send an inquiry to one NTP server a plurality of 
times or once to a plurality of NTP servers and select 
the received NTP time having the highest accuracy (the 
NTP time with least round trip delay). How often the os- 
cillator requires adjustment, depends on the quality of 

55 the oscillator used and on the desired accuracy of the 
oscillator output. Typically, the adjustment according to 
the first embodiment of the invention is convenient to be 
performed once a week or more often. 
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[0055] The essential parts of the invention can be im- 
plemented by means of software. The computer soft- 
ware concerned, which comprises e.g. an NTP compu- 
ter program 41 and an oscillator control program 53, can 
be programmed by C programming language, it can be 5 
stored in data means, for instance in a memory. It can 
be transferred and it can be run in a computer, for in- 
stance. 

[0056] Even though the embodiments of the invention 
employ the NTP protocol, the invention can alternatively 
be implemented by using any corresponding procedure 
for communicating the time over the packet switched 
network 21. In essence, the invention can also be im- 
plemented in connection with the third generation mo- 
bile networks. 

[0057] This description presents the implementation 
and embodiments of the invention by means of exam- 
ples. It is obvious to the person skilled in the art that the 
invention is not restricted to the details of the above- 
described embodiments but the invention can be imple- 
mented in a variety of ways without deviating from the 
characteristics of the invention. The embodiments are 
intended to illustrate but not restrict the present inven- 
tion. Thus the implementations and uses of the invention 
are only restricted by the attached claims. Consequent- 
ly, various alternative implementations of the invention 
defined by the claims, also equivalent implementations, 
are within the scope of the invention. 



Claims 

1. A method for adjusting an oscillator (44) in a sys- 
tem, the system comprising an adjustable oscillator 
(44), a time source (31) knowing a clock time with 35 
a specified accuracy, and a packet switched net- 
work (21) between the oscillator and said time 
source, characterized in that the method compris- 
es: 

updating a clock (42) on the basis of the clock *o 
time known to said time source (31 ) overthe packet 
switched network (21), the clock being on the same 
side of the packet switched network as the adjust- 
able oscillator (44): 

using said clock (42) in the adjustment of the 
oscillator (44) for adjusting the oscillator to oscillate 
at a desired frequency. 

2. A method according to claim 1, characterized in 
that the method comprises: so 

counting pulses generated by the oscillator (44) 
during a counting period for producing oscilla- 
tor control information, which counting period 
starts at a determined first time instant and 55 
ends at a determined second time instant, said 
time instants being determined on the basis of 
the clock time of said clock (42); 



adjusting the oscillator (44) to oscillate at the 
desired frequency using said control informa- 
tion. 

3. A method according to claim 2, characterized in 
that the method comprises: 

determining the reliability of the clock time of 
said clock (42) at said time instants, whereby in the 
case where the clock time at said first time instant 
is not reliable, starting of the counting period is de- 
layed with a spcrf ied first delay, and in a case where 
the clock time at said second time instant is not re- 
liable, ending of the counting period is delayed with 
a specified second delay. 

4. A method according to claim 2, characterized in 
that NTP (Network Timing Protocol) adjustment is 
used in updating the clock time of said clock (42) 
and that said first and second time instants are 
scheduled for a point in time immediately upon per- 
forming the NTP adjustment of the clock (42). 

5. A method according to claim 2, characterized in 
that said clock (42) is located in the NTP client or 
in connection therewith and that said time source is 
an NTP server (31 ) and that in the method 

the NTP client inquires and receives from the 
NTP server (31) a clock time having an accu- 
racy of NTP over the packet switched network 
(21); 

the clock time of said clock (42) is compared in 
the NTP client with the received clock time hav- 
ing the accuracy of NTP for obtaining an offset 
value; 

the clock time of said clock (42) is adjusted ac- 
cording to NTP on the basis of the offset value; 
data on the offset values are maintained in the 
memory of the system, and 
the reliability of the clock time of said clock (42) 
at any of said time instants is determined by 
comparing the offset value used at least in one 
NTP adjustment of the clock (42) preceding 
said time instant with a specified condition. 

6. A method according to claim 5, characterized in 
that offset values used in more than one NTP ad- 
justment of the clock (42) preceding said time in- 
stant are compared with a specified condition, 
which specified condition is that all offset values to 
be compared are lower than a specified limit value 
set to the offset value and that none of the offset 
values to be compared is missing. 

7. A method according to claim 1 , characterized in 
that said clock (42) is located in the NTP client or 
in connection therewith, and that said time source 
is the NTP server (31) and that in the method 
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the NTP client inquires and receives from the cillate at a desired frequency. 

NTP server (31) a clock time having an accu- 
racy of NTP over the packet switched network 
(21); 

in the NTP client, the clock time of said clock 5 
(42) is compared with the received clock time 
having the accuracy of NTP for obtaining an off- 
set value; 

data on the offset values are maintained in the 
memory of the system; 10 
the reliability of the offset value is determined; 
said oscillator (44) is adjusted on the basis of 
said offset value in the case where the offset 
value is reliable, and 

the oscillating frequency of the oscillator (44) is '5 
derived/applied (?) for the reference frequency 
of said clock (42) for updating the clock (42). 

8. A method according to claim 7, characterized in 
that the reliability of the offset value is determined 20 
by comparing said offset value with a moving aver- 
age of the offset values which is calculated from a 
specified set of offset values preceding said offset 
value. 

25 

9. An apparatus for adjusting an oscillator in a system, 
the system comprising an adjustable oscillator (44), 
a time source (31 ) knowing a clock time with a given 
accuracy and a packet switched network (21) be- 
tween the oscillator and said time source, charac- 30 
terized in that the apparatus comprises: 

a clock (42) which is on the same side of the 
packet switched network (21 ) as the adjustable 
oscillator (44); 35 
updating means (41 ) for updating the clock (42) 
over the packet switched network (21 ) on the 
basis of the clock time known to said time 
source (31); 

adjusting means (45, 51 to 57, 64, 67, DAC) for 40 
adjusting the oscillator (44) to oscillate at a de- 
sired frequency by means of said clock (42). 

10. Computer software for adjusting the oscillator in a 
system comprising an adjustable oscillator (44), a 45 
time source (31) which knows a clock time with a 
given accuracy and a packet switched network (21 ) 
between the oscillator and said time source, char- 
acterized in that the software comprises a program 
code for 50 

updating the clock (42) over the packet 
switched network (21 ) on the basis of the clock 
time known to the time source (31), the clock 
being on the same side of the packet switched 55 
network (21) as the adjustable oscillator (44); 
using said clock (42) in the adjustment of the 
oscillator (44) for adjusting the oscillator to os- 
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